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CLAIMS 

y 1 . A monolithic integrated circuit comprising: 

5 \ an MOS circuit formed at least partially in a 
monocrystalline substrate; 

a monocrystalline compound semiconductor layer 
overlying\j;he monocrystalline substrate; and 

10 

a tunneKdiode formed at least partially in the 
monocrystalline compound semiconductor layer, the tunnel 
diode electrically coupled to the MOS circuit. 

\ 

15 2 . The monolithic\ integrated circuit of claim 1 wherein 
the MOS circuit comprdses an MOS transistor having a drain 
region and the tunnel d^ode is electrically coupled to the 
drain region. 

20 3 . The monolithic integrated circuit of claim 2 further 
comprising a second tunnel diode coupled to the drain 
region in series with the tunn^ diode . 

4 . The monolithic integrated ciNrcuit of claim 1 wherein 
25 the MOS circuit comprises an MOS transistor having a drain 
region and the tunnel diode is formed overlying and 
electrically coupled to the drain region. 

5. The monolithic integrated circuit of^claim 1 wherein 
3 0 the MOS circuit comprises an MOS transistor having a gate 
electrode and the tunnel diode is formed overlying and 
electrically coupled to the gate electrode. 
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6. ^T4i£ monolithic integrated circuit of claim 1 wherein 
the MOS cir^miit comprises a digital circuit. 



7. The monolithic 
the tunnel diode comt 



rated circuit of claim 1 wherein 
m interband tunnel diode . 



10 



8. The monolithic integrated cls^uit of claim 1 wherein 
the tunnel diode comprises an intraban^ tunnel diode. 
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A semiconductor device comprising: 

a Vnonocrystalline semiconductor substrate ; 

5 an oVide layer formed overlying the substrate ; 

a monoorystalline compound semiconductor layer formed 
overlying thev oxide layer; and 

10 a tunnel drode formed at least partially in the 

monocrystalline compound semiconductor layer. 

10. The semiconductor device of claim 9 wherein the 
tunnel diode comprises an intraband tunnel diode. 

\ 

11. The semiconductor device of claim 10 wherein the 
tunnel diode comprises a quantum well layer sandwiched 
between first arid second ttfnnel^arrier layers and the 
first and second tunnel banrr&er layers are sandwiched 

20 between an injection layer and\^a^ collection layer. 

12. The semiconductor device of claim 11 wherein the 
quantum well layer comprises GaAs and the First and second 
tunnel barrier layers comprise a material selected from 

2 5 AlGaAs and AlAs . 

13 . The semiconductor device of cl^aim^l2 wherein the 

quantum well layer and the first and second tunnel barrier 



30 



layers are not intentionally doped. \ 

14 . The semiconductor device of claim 32 wherein the 

injection layer and the collection layer each^omprise 
GaAs . 
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15. The semiconductor device of claim 14 wherein the 

injection layer and the collection layer are each impurity 
loped . 



10 



16 . \ The semiconductor device of claim 15 further 

comprising first and second contact layers contacting the 
injection layer and the collection layer, respectively, 
the f irs\ and second contact layers comprising 
monocrystaslline GaAs more heavily impurity doped than the 
injection ikyer and the collection layer. 



15 



17. The ^semiconductor device of claim 12 further 

comprising a monocrystalline buffer layer interposed 
between the oxide layer and the monocrystalline compound 
semiconductor lay^r . 



20 



18 . The semic* 

oxide layer compri^ 
the buffer layer 



lductor device of claim 17 wherein the 
alkali earth metal titanate and 
ses a material selected from the 



group consisting of GaAsVand AlGaAs , 



25 



19. The semiconductoAdevice of claim 18 wherein the 
oxide layer comprises Ba x Sr 1 _^i03 where x ranges from 0 to 
1 . 

20. The semiconductor devic^e of claim 12 wherein the 
oxide layer comprises Ba x Sr 1 _ x Ti0 3 wijere x ranges from 0 to 
1 . 



30 21. The semiconductor device of claim 20 wherein the 

substrate comprises silicon . \ ~ 
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The semiconductor device of claim 21 further 
cor?te>rising a digital circuit formed at least partially 
with\ji the substrate and coupled to the tunnel diode . 

23 . \ The semiconductor device of claim 11 wherein the 

quantum well layer comprises InGaAs and the first and 
second tunn\l barrier layers comprise AlAs . 

24. The Semiconductor device of claim 23 wherein the 
10 injection layer \nd the collection layer each comprise 

InGaAs . 

25. The semiconductor device of claim 24 further 
comprising first and second contact layers^ contacting the 

15 injection layer and the collection layer, respectively, 
the first and second contaV laVers comprising heavily 
impurity doped monocrystal/Li^^ IgaGaAs . 

26. The semiconductor - ' device of claim 24 further 
2 0 comprising a monocrystalline huffier layer between the 

oxide layer and the monocrystallin^ compound semiconductor 
layer. 

27. The semiconductor device of o^aim 26 wherein the 
25 buffer layer comprises a material selected from the group 

consisting of InP and InAlAs 
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28. The semiconductor device of claim \27 wherein the 

oxide layer comprises an oxide selected from \the group 
consisting of alkali earth metal zirconates arrgl alkali 
earth metal haf nates. 



29. The semiconductor device of claim 9 wherein the 

oxide layer comprises an amorphous oxide layer. \ 



10 



• 
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The semiconductor device of claim 2 9 wherein the 
layer comprises an amorphous oxide formed 
epitd^ially as a monocrystalline oxide layer and 

:ly heat treated to convert the monocrystalline 
oxide tdVan amorphous oxide. 




15 



31. The semiconductor device of claim 9 wherein the 
tunnel diode\comprises an interband tunnel diode 

32. The semiconductor device of claim 31 wherein the 
tunnel diode comprises first and second quantum well 
layers spaced apart by a barrier layer and the first and 
second quantum wellXlayers are sandwiched between first 
and second carrier sufeply layers. 



20 



3 3 . The semicond; 

quantum well layers ccjmpjS 
comprises InAlAs . 



&pr device of claim 3 2 wherein the 
InGaAs and the barrier layer 



34 . The semiconductor device of claim 3 3 wherein the 

quantum well layers and the barrier layer are not 
intent ional ly doped . 



25 35. The semiconductor device of\claim 33 wherein the 

first carrier supply layers comprise a \layer of n- doped 
InGaAs and a layer of n-doped InAlAs witrh the layer of n- 
doped InAlAs in contact with the first quantum well layer 
and the second carrier supply layers comprise a layer of 

3 0 p-doped InGaAs and a layer of p-doped InAlASv with the 

layer of p-doped InAlAs in contact with the second quantum 
well layer . 
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36 \ The semiconductor device of claim 35 further 

comprising a buffer layer comprising a material selected 
from the group consisting of InP and InAlAs interposed 
between ^he oxide layer and the monocrystalline compound 
semiconductor layer . 



10 



37. Th^ semiconductor device of claim 36 wherein the 

oxide layer comprises an oxide selected from the group 
consisting of a\kali earth metal zirconates and alkali 
earth metal hafna^tes. 



15 



38. The semiconductor device of claim 32 wherein the 

quantum well layers comprise InGaAs and the barrier layer 
comprises GaAs . 



39. The semiconducl 

first carrier supply la} 
second carrier supply layer 



vice of claim 33 wherein the 
ipmprises n-doped GaAs and the 
mprises p-doped GaAs. 
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40. The semiconductor device of claim 39 further 

comprising a buffer layer comprising GaAs interposed 
between the oxide layer and the monocrystalline compound 
semiconductor layer . 




2 5 41. The semiconductor device of cl^im 3 9 wherein the 

oxide layer comprises an alkali earth mefeal titanate. 
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42. The semiconductor device of claim\41 wherein the 

oxide layer comprises Ba x Sr 1 . x Ti0 3 where x ranges from 0 to 
1 . 



43. The semiconductor device of claim 9 whegrein the 

substrate comprises silicon. 
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44. ^<]^ie semiconductor device of claim. 43 further 
comprising an'^s^riorphous^silicon oxide formed underlying 
the oxide layer . 

45. The sem^coi^ftiyi^to^Ndevice of claj.m 9 wherein the 
oxide layer compi\i^4s an amorpJits^ oxide formed by heat 
treating a monocrystalline oxide la^ 
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:6. A process for fabricating a semiconductor device 

^pmprising the steps of : 

providing a monocrystalline semiconductor substrate; 

epd.taxially growing a layer of monocrystalline oxide 
overlying the substrate ; 

growirig a monocrystalline compound semiconductor 
structure overlying the layer of monocrystalline oxide, 
the monocrystaSlline compound semiconductor structure 
comprising an injection layer, a first tunnel barrier 
layer, a quantum Veil layer, a second tunnel barrier layer 
and a collection layer and 

\ 

forming an int riband tunnel diode at least partially 

lSli> 



within the monocrystalu. 
structure . 



47 . 



The process o 




ompound semiconductor 



:>laim 4 6 further comprising the 
step of forming an amorphous oxide layer underlying the 
layer of monocrystalline oxide during the step of 
epitaxially growing . 



25 48 . The process of claim 47. further comprising the 

step of thermally annealing the layer of monocrystalline 
oxide to convert the monocrystalline oxide to a further 
layer of amorphous oxide . 



30 49. The process of claim 46 wherein the step of 

growing a monocrystalline compound semiconductor structure 
comprises the step of growing by a process selected from 
the group consisting of MBE , MOCVD, CVD, IV^EE, ALE , PVD, 
PLD, and CSD. 
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^0. The process of claim of claim 46 wherein the 

st^P of providing a semiconductor substrate comprises the 
step\pf providing a monocrystalline substrate comprising 
5 silic 

51. \The process of claim 50 further comprising the 

steps of 

10 forming V digital integrated circuit at least 

partially within the substrate; and 

forming an interconnection electrically 
interconnecting the\digital integrated circuit and the 
15 tunnel diode . 



20 



52. The process oi 

forming a digital integA 
forming an MOS transistc 
surface of the substrate . 



} aim 51 wherein the step of 

fircuit comprises the step of 
haying a drain region at the 



53 . The process of claim 5^2 wherein the step of 

forming an interconnection comprises the steps of : 



25 selectively ion implanting the layer of 

monocrystalline oxide overlying the drain region to render 
the oxide electrically conductive; and 



30 



forming the interband tunnel diode irry electrical 
contact with the electrically conductive oxide . 
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A process for fabricating a semiconductor device 
^uprising the steps of: 

providing a monocrystalline semiconductor substrate ; 

ep\taxially growing a layer of monocrystalline oxide 
overlying, the substrate; 



10 



15 



20 



growingr a monocrystalline compound semiconductor 
structure over-lying the layer of monocrystalline oxide, 
the monocrystaSLline compound semiconductor structure 
comprising a fiiyst carrier supply layer, a first quantum 
well layer, a barrier layer, a second quantum well layer, 
and a second carrier supply layer; and 



forming an inte 
in the monocrystalline 




nnel diode at least partially 
mpound semiconductor structure. 



55. The process df >»aim 54 further comprising the 

step of forming an amorphoiis oxide layer underlying the 
layer of monocrystalline oxrc^e during the step of 
epitaxially growing . 



56. The process of claim 55. further comprising the 

25 step of thermally annealing the layer of monocrystalline 
oxide to convert the monocrystalline oxide to a further 
layer of amorphous oxide . 



57. The process of claim 54 wherem the step of 

30 growing a monocrystalline compound semiconductor structure 
comprises the step of growing by a process \selected from 
the group consisting of MBE, MOCVD, CVD, MEE\ ALE, PVD, 
PLD, and CSD. 
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58 
steps 



The process of claim 54 further comprising the 



forming a digital integrated circuit at least 
partially within the substrate; and 



10 



15 



forming ah^ interconnection electrically 
interconnecting Isshe digital integrated circuit and the 
tunnel diode 

59. The process\of claim 58 wherein the step of 
forming a digital integrated circuit comprises the step of 
forming an MOS transistozyiTaving a drain region at the 
surface of the substrate 

60. The process of claiik 59 wherein the step of 
forming an interconnection comprises the steps of: 



selectively ion implanting thk layer of 
2 0 monocrystalline oxide overlying the \i^in region to render 
the oxide electrically conductive; 



25 



forming the intraband tunnel diode 
contact with the electrically conductive 



electrical 
:ide . 
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w 61. A process for fabricating a semiconductor device 

comprising the steps of : 

providing a monocrystalline silicon substrate; 

forming a CMOS circuit at least partially within the 
silicon ^substrate, the CMOS circuit comprising an MOS 
transistoV having source and drain regions and a gate 
electrode ; 

epitaxiaJNly growing a layer of monocrystalline oxide 
overlying the substrate; 



forming an amorphous layer of silicon oxide 
15 underlying the layeV of monocrystalline oxide during the 
step of epitaxially growing; 

growing a monocrysoalline compound semiconductor 
structure overlying theLd^yer of monocrystalline oxide; 

20 

heat treating the layen of monocrystalline oxide to 
convert the monocrystalline o^jide to an additional layer 
of amorphous oxide; 

25 forming a tunnel diode at le^st partially from the 

monocrystalline compound semiconductor structure; and 

forming an electrical interconnection between the 
tunnel diode and one of the source region, drain region 
30 and gate electrode. 



# 
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62. The process of claim 61 wherein the step of 
epitaxially growing a layer of monocrystalline oxide 
comprises the step of epitaxially growing a layer of oxide, 
selected from the group consisting of: alkali earth metal 

5 titanates, alkali earth metal haf nates, and alkali earth 
metal zirconates. 

63 . The process of claim 62 wherein the step of 
epitaxially growing a layer of monocrystalline oxide 

^ 10 comprises the step of epitaxially growing a layer of Ba^r^ 

;fj x Ti0 3 where x ranges from 0 to 1 . 

g 64. The process of claim 61 wherein the step of 

''T= forming a tunnel diode comprises the step of etching the 

{ II 15 monocrystalline compound semiconductor structure to form 

the tunnel diode directly overlying the MOS transistor. 

Iij 65. The process of claim 61 further comprising the 

I: step of forming a monocrystalline semiconductor buffer 

20 layer overlying the layer of monocrystalline oxide and 

underlying the monocrystalline compound semiconductor 

structure . 



25 



66. The process of claim 65 wherein the buffer layer 

comprises a material selected from InP, InAlAs, AlGaAs and 
GaAs . 



